Objectives: To determine if Level 1 evidence from a landmark trial changed practice patterns for treatment of patients with displaced midshaft clavicle fractures.
historically treated nonoperatively. Nonunion rates of 1% and negligible functional consequences after conservative management had traditionally been accepted. (1, 2) More recent prospective studies reported significant residual impairments in strength and function following nonoperative treatment of displaced midshaft clavicle fractures. (3, 4) Significantly higher nonunion rates (15%) have been also reported when compared with surgical fixation. (5, 6) In 2007, members of the Canadian Orthopaedic Trauma Society (COTS) conducted a randomized clinical trial (RCT) comparing open reduction and internal fixation (ORIF) with nonoperative management of displaced midshaft clavicle fractures. (7) The findings of this trial were: improved functional outcome scores, decreased malunion rates, and decreased nonunion rates for ORIF compared with nonoperative treatment. Two recent meta-analysis of six RCTs comparing operative versus nonoperative treatment of midshaft clavicle fractures concluded that operative treatment resulted in a significantly lower nonunion rate, significantly lower symptomatic malunion rate and earlier return of function with operative fixation. (8, 9) Surgical fixation of displaced midshaft clavicle fractures has also been shown to be cost-effective, with a $65,000 base case cost per quality-adjusted life-year gained for ORIF of midshaft clavicle fractures. (10) F o r p e e r r e v i e w o n l y
5
As the field of orthopaedic surgery strives to achieve evidence-based clinical practice, we are collectively unsure if large clinical trials are changing current practice. Recently, a survey was completed by members of the Canadian Orthopaedic Association to examine the influence of major fracture clinical trials on the practice of individual orthopaedic surgeons. (11) This survey found that the COTS clavicle fixation study (7) was perceived by most surgeons to be influential in improving patient care and 73% of respondents stated that this RCT changed their practice pattern. (11) However, to date, this perceived change in practice pattern for clavicle fractures has not been quantified.
Several studies are starting to quantify the change in orthopaedic clinical practice following published Level 1 evidence. Early attempts include the Drafft (12) and Profher (13) decisions. An example of a case-control study looking at practice pattern changes for displaced paediatric supracondylar humerus (SCH) the ulnar nerve may be at risk with placement of medial percutaneous pins. A RCT was conducted to compare combined medial and lateral percutaneous pin placement versus isolated lateral pin placement for displaced SCH fractures. (14) This study found isolated lateral pin placement was best to avoid placing the ulnar nerve at risk, with equivalent fracture reduction. These authors then conducted a case-control study to compare their own practice pattern changes and they found a significant increase in use of the isolated lateral pin placement technique, following publication of the RCT. (15) This study illustrates that the surgeons participating in RCTs may be able to change their practice patterns based on the best available evidence, however, this study does not quantify a change in practice patterns for surgeons not participating in a given RCT. A recent review of health administrative databases found a significant decrease in the rate of surgical repair of acute Achilles tendon ruptures following publication of a RCT Canadian trial. (16) This study suggested the potential for changing practice patterns following publication of a Level 1 studies, however the Achilles study examined data from a single Canadian province and did not evaluate the effect of participation in the RCT on practice pattern changes.
Quantifying changes in practice pattern following publication of Level 1 evidence is important to further our understanding of the impact large RCTs are having on clinical practice, duration of time required for practice patterns to change, and the longevity of practice pattern changes in the treatment of displaced midshaft clavicle fractures. The aim of this study is to determine if practice patterns have changed since the RCT conducted by the COTS group in January 2007. (7) We hypothesize that there will be a significant increase in the number of displaced midshaft clavicle fractures being treated with ORIF from the time of this publication to present, when compared with treatment of displaced midshaft clavicle fractures prior to this publication. Our secondary aim is to compare practice pattern change between a trauma centre participating in enrolment for the COTS trial and a similar trauma centre not participating in this trial. 
MATERIALS AND METHODS

Patient and Public Involvement Statement
There was no patient and pubic involvement.
RESULTS
A total of 686 patients met inclusion criteria (Figure 1 ). The Pre-trial cohort (n = 108) was comprised of 68.5% males, with a mean age of 37.7 (± 13.9) years (Table 1 ). The Posttrial cohort (n = 578) was comprised of 76.1% males, with a mean age of 41.9 (± 12.7)
years. The mean Injury Severity Score (ISS) for the Pre-trial group was 21.3 (± 13.8), compared to the Post-injury cohort mean ISS of 25.1 (± 13.7) (p = 0.01) ( Table 1 ). There was no significant difference between groups for gender (p = 0.117), however the Pretrial cohort was younger (p = 0.005) compared with the Post-trial cohort. There were no differences between the participating sites for age (p = 0.79) or gender (p = 0.80). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 RCTs in this area, however, the time of publication of the COTS trial was selected as a discreet point in time to allow comparison of practice patterns before and after the trial This single study was also chosen, as the COTS trial was reported as being influential in improving patient care. (11) Our study demonstrated a significant practice pattern shift in two Level 1 trauma centres towards more frequent treatment with ORIF for displaced midshaft clavicle fractures meeting the criteria outlined in the COTS trial. While we cannot draw a direct correlation to the COTS trial and our findings; both these centres were well aware of the trials findings as well as other supporting literature. This study is not meant to be a definitive measure of adoption of medical evidence, but rather a study to determine if clinicians act on current Level 1 evidence. This study suggests that clinicians likely don't Similarly, prescribing practices for managing myocardial infarction amongst RCT investigators were more in agreement with peer-reviewed results than non-investigator physicians. (18) The current study also demonstrated practice changes within the first year following publication of the COTS RCT, which is in agreement with the decrease in the number of surgically treated Achilles tendons reported within 5 months following the Achilles tendon RCT. (16) Therefore, research-oriented surgeons may be more receptive to clinical practice change based on evidence-based recommendations. (19) Our study identified younger age and increased ISS as factors, which may have contributed to decision making for recommending treatment with ORIF. The mean age of patients treated with ORIF in the Pre-trial cohort was significantly younger, which may be due to a patient selection bias towards perceived clinical improvement for younger patients prior to publication of the COTS trial. Certainly selection bias would be evidenced Surgeons report a willingness to adopt evidence-based recommendations, provided clinical trial results are compelling and the study methodology is robust. (19) Practice variation likely reflects a complex combination of surgeon experience, patient selection bias, geographical differences, and lack of dissemination of recommendations based on prove that a change in practice occurs after the publication of well-designed clinical trials, then there is no reason to support these trials.
The limitations of this study include that this was a retrospective review. Union rate and functional outcomes are not reported because the primary outcome of this study was to report incidence of surgical fixation of displaced midshaft clavicle fractures before and after a landmark RCT. Reasons for referral rates of displaced midshaft clavicle fractures from Primary Care Physicians or Emergency Room Physicians to Orthopaedic Surgeons were not possible to report, however this may be a contributing factor following dissemination of the improved functional outcomes demonstrating in the COTS study. A confounding factor that may have impacted the study findings was the increased ISS in the post-study cohort, which may have influenced the decision to operate on these patients. Despite these limitations, this study demonstrated the need for understanding knowledge translation into clinical practice. union, and patient satisfaction with ORIF. (7) Centres that participate in RCTs were also more likely to adopt practice changes in accordance with the published Level 1 evidence.
Understanding requirements for clinical practice pattern changes following publication of evidence-based research and the potential barriers to translation of new knowledge will continue to advance orthopaedic fracture care. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 7 We hypothesize that there will be a significant increase in the number of displaced midshaft clavicle fractures being treated with ORIF from the time of this publication to present, when compared with treatment of displaced midshaft clavicle fractures prior to this publication. Our secondary aim is to compare practice pattern change between a trauma centre participating in enrolment for the COTS trial and a similar trauma centre not participating in this trial.
MATERIALS AND METHODS
Following institutional review board approval, a retrospective radiographic review was One of the centres participated in the COTS trial; therefore, in order to avoid bias, eligible patients with displaced midshaft clavicle fractures during the trial recruitment period 
Patient and Public Involvement Statement
RESULTS
A total of 686 patients met inclusion criteria (Figure 1 ). The Pre-trial cohort (n = 108) was comprised of 68.5% males, with a mean age of 37.7 (± 13.9) years (Table 1 ). The Posttrial cohort (n = 578) was comprised of 76.1% males, with a mean age of 41.9 (± 12.7) Table 1 ). There was no significant difference between groups for sex (p = 0.117), however the Pre-trial cohort was younger (p = 0.005) compared with the Post-trial cohort. There were no differences between the participating sites for age (p = 0.79) or sex (p = 0.80). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 practice patterns based on the best available evidence, which is similar to our finding that patients with displaced midshaft clavicle fractures who presented to a participating study centre, were more likely to be treated with ORIF following publication of the COTS trial.
Similarly, prescribing practices for managing myocardial infarction amongst RCT investigators were more in agreement with peer-reviewed results than non-investigator physicians. 15 The current study also demonstrated practice changes within the first year 16 Therefore, research-oriented surgeons may be more receptive to clinical practice change based on evidence-based recommendations. 17 Our study identified younger age and increased ISS as factors, which may have Surgeons report a willingness to adopt evidence-based recommendations provided clinical trial results are compelling and the study methodology is robust. 17 Practice variation likely reflects a complex combination of surgeon experience, patient selection The limitations of this study include that this was a retrospective review and some patients could have gone elsewhere for further treatment. Union rate and functional outcomes are not reported because the primary outcome of this study was to report incidence of surgical fixation of displaced midshaft clavicle fractures before and after a landmark RCT. 
CONCLUSION
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